Abstract-Sodium 2,2,6,6-tetramethylpiperidine-N-oxide (TEMPO -Na + ), generated by reduction of TEMPO• with sodium naphthalenide in THF, reacted with alkyl halides or acyl halides to produce O-alkylated or acylated TEMPOs, which were in turn oxidized with mCPBA or reduced with DIBAL-H to afford the corresponding aldehydes, thus accomplishing a new protocol for the halides-carbonyls conversion.
successive hydrolysis and oxidation of the hydroxy group, is a time-consuming procedure. 3 We, therefore, developed an efficient method for the conversion of 1 to 3 by way of the intermediate 2, by utilizing the 2,2,6,6-tetramethylpiperidine-N-oxy (TEMPO)-substituted carbon of 2 as a latent carbonyl function (Scheme 1).
4,5
Furthermore, we found that the reduction of O-acylated TEMPOs with DIBAL-H produced primarily the corresponding aldehydes 3. been investigated by trapping the carbon centered radical with 2,2,6,6-tetramethylpiperidine-N-oxyl radical [6] [7] [8] [9] [10] [11] (abbreviated as TEMPO•) and by the reaction of its N-oxoammonium salts with ketones and aldehydes. 5a,12,13 On the other hand, 2,2,6,6-tetramethylpiperidine-N-oxide (the TEMPO anion), a reduced form of TEMPO•, is also useful species to produce O-alkyl TEMPOs. However, the TEMPO anion was usually generated in aqueous media by treatment with sodium or calcium ascrobates followed by deprotonation of the resulting 1-hydroxyTEMP (TEMPOH) with NaH in THF 14,6b and the reactivity of the TEMPO anion as a nucleophile has not been well explored. 6c We, therefore, utilized a direct method to generate this anionic species by reduction of TEMPO• with sodium naphthalenide in THF, which is featured by the repeated use of naphthalene, and applied it to the nucleophilic substitution of a variety of alkyl halides 1 including benzylic and allylic halides. Subsequently, oxidation of the resulting O-alkylated TEMPOs 2 and 2' to the corresponding carbonyl compounds 3 and 3' was examined.
Result and discussion
Although reduction of TEMPO• to the TEMPO anion with sodium metal or lithium naphthalenide in DME was reported by Whitesides et al, 6c we devised a catalytic procedure with respect to naphthalene (2-10 mol%) by stirring with a stoichiometric amount of sodium as a real reducing reagent in THF, during which the red brown color of TEMPO• faded as it was converted to the TEMPO anion. The resulting TEMPO anion-containing solution was used for the S N 2 reactions of a variety of primary and secondary halides 1, giving the corresponding O-alkyl TEMPOs 2.
As shown in Table 1 , primary alkyl halides 1 reacted with the TEMPO anion to
give the corresponding alkoxyamines 2 in good to excellent yields (runs 1-7 Our attempts at the substitution reaction of 2-halo ketones and esters such as bromoacetophenone and bromoacetate with the TEMPO anion were unsuccessful.
However, a synthetically equivalent and/or useful class of aldehyde 4b and ketone 4c was obtained in 70-75% yields by hydrolysis of the acetals 2b and 2c, prepared by the present method (Scheme 2). (X = Cl, OCOR)
As shown in Table 2 , selected O-benzyl-and O-allyl-TEMPOs 2 were transformed to carbonyl compounds 3. We examined a variety of oxidizing reagents such as Mn(OAc) 3 , Cu(OAc) 2 , tert-BuOOH 4b for this purpose, but it turned out that mchloroperbenzoic acid (mCPBA) was highly efficient to complete quickly the reaction at 0-5 °C and the corresponding 3, conjugated with arenes and C=C double bond, were obtained in excellent yields (runs 1-3). 5a In the mCPBA oxidation, 1-hydroxyTEMP (TEMPOH) along with a small amount of TEMPO• was produced as the one of fragments from 2. 17 Furthermore, in addition to the case of a simple alkanal 3a from 2a (run 4), this reaction was successfully applied to the synthesis of diverse carbonyl compounds 18 including 2-acetoxyketone 10 (run 5), acetal of 1,2-dione 12 (run 6), and 4-oxo-2-enoate 14 19 (run 7) from the corresponding precursors 9, 11, and 13, derived from 2-TEMPO-substituted undecanal as a common starting material. The allylic oxidation of the prenyl derivative 15 was examined by employing the present protocol (Scheme 4). Thus, the electrochemical ene-type chlorination 20 of 15 and the subsequent protection of the hydroxy group as a THP ether, giving 16, was followed by the Cl/I exchange reaction with NaI to afford the allylic iodide 17 (E:Z = ca Alternatively, the conversion of O-acylated TEMPOs 6 to the corresponding aldehydes 3 was examined by a hydride reduction. 21 Thus, the treatment of 6f (R = PhCH=CH) with DIBAL-H (3 equivalents) at -78 to -50 °C for 75 min afforded cleanly the corresponding aldehyde 3f (91% yield) (run 3), the overreduction to carbinol was negligibly small, while ethyl trans-cinnamate, an analogue of 6f, produced the corresponding primary alcohol under the same conditions. 22 Examples of the selective reduction of 6 to aldehydes, including aldol derivative (run 5), are shown in Table 3 . 
Conclusion
The TEMPO-attached carbon was shown to be a synthon of carbonyl group. Table 3 were confirmed by comparison of their spectral data with those of authentic samples. 
General procedure for oxidation of O-alkyl

